INTRODUCTION
In this paper, we review and extend the radiocarbon-dated geological and archaeological record of the walrus from North America as part of a continuing effort to reconstruct environmental conditions from the Last Glacial Maximum (LGM) to the present (e.g., Dyke, 1996) . We present new sets of radiocarbon dates and other data from the Canadian Arctic Archipelago (CAA; 33 new dates) and from southeastern Canada (12 new dates). Walrus remains have also been reported from many dated archaeological sites in arctic and subarctic Canada, Alaska, and Greenland, as well as from a few more distant sites. This paper assembles these new and previous age determinations, examines the archaeological context of walrus remains, and explores their paleoecological significance and potential.
DISTRIBUTION AND ECOLOGY
The modern walrus, Odobenus rosmarus, is the sole species of Odobenidae to have survived the Quaternary. The family is thought to have evolved from an aquatic bear-like ancestor in the Pacific in the Early Miocene (20 million years ago). Following range extension to the Atlantic 5 to 8 million years ago, prior to establishment of the Isthmus of Panama, the original Pacific forms were thought to be extinct (Richard and Campbell, 1988; Harington and Beard, 1992) . However, this view has been altered by recent Japanese finds, which include a small primitive odobenine walrus with undeveloped tusks from the early Pliocene (about 4.8 million years ago), several Pliocene records of Odobenus, and a Middle Pleistocene find of Odobenus mandanoensis that is more primitive than the living species (Horikawa et al., 1992; Miyazaki et al., 1992a,b) . So Odobenus occupied the western Pacific Ocean (at least) from the Pliocene to the Middle Pleistocene and may have evolved there in the Late Pliocene (Tomida, 1989; Miyazaki et al., 1992a) . Did the modern Pacific subspecies, Odobenus rosmarus divergens, arise from this Pacific stock (the simpler scenario), and reach the North Atlantic via the Arctic early in the Pleistocene, as suggested by F.H. Fay (in Cronin et al., 1994; but contra van Bree and Erdbrink, 1990) ? Or did it arise as a result of extirpation of Odobenus mandanoensis and repopulation from the Atlantic via the Arctic about 1 million years ago (Repenning, 1976) ? It is worth noting that walrus subspecies are genetically differentiated. This fact supports the present classification, but it must be interpreted cautiously (Cronin et al., 1994) . The Pacific walrus generally is distinguished from the Atlantic subspecies, Odobenus rosmarus rosmarus, by its larger size, larger tusks, and Richard and Campbell, 1988) . Born et al. (1995) propose a more disjunct distribution for Atlantic walruses (see text).
FIG. 1. World distribution of walrus showing six populations (after
broader snout (Fay, 1982) . However, recent measurements have shown that female Atlantic walruses from Foxe Basin are larger (greater asymptotic length) than female Pacific walruses from Alaska (Garlich- Miller and Stewart, 1998) .
Walrus Stocks
At the time Europeans discovered them, walruses occurred as six or more geographically isolated populations ( Fig. 1 ), each associated with pack ice. The Pacific walrus seasonally ranges through the northern Bering Sea and the Chukchi Sea. The Atlantic walrus comprises the remaining stocks, which occupy the following areas: (1) northeastern Canada-West Greenland, extending from the Hudson Bay and northern Labrador coasts northward into the CAA; (2) central East Greenland; (3) Svalbard and Franz Josef Land; (4) Novaya Zemlya, southern Barents Sea and Kara Sea; and (5) Laptev Sea. The Laptev Sea walrus has been variously considered a distinct subspecies, Odobenus rosmarus laptevi, a second Pacific stock, and a stock of the Atlantic walrus (Richard and Campbell, 1988) .
The present Canadian range of the Atlantic walrus is greatly reduced from its early historic range, which extended southward through the Gulf of St. Lawrence at least to Sable Island, Nova Scotia ( Fig. 2 ; Mansfield, 1958) . Except for the odd straggler, the Atlantic walrus currently Mots clés: morse fossile du pléistocène et de l'holocène, glace marine, déglaciation, changement climatique, faunes archéologiques Traduit pour la revue Arctic par Nésida Loyer. Harington, 1966) , extralimital records and locations of numbered archaeological sites (cf . Tables 3 and 4). does not range south of the central Labrador coast, as shown on Figure 1 . Range reduction resulted from extirpation through hunting, mainly in the 16th and 18th centuries, of a population that evidently numbered more than 100 000 in the Gulf of St. Lawrence to Sable Island region, and there is no evidence of recolonization (Born et al., 1995) . We are not aware of any direct evidence of whether this group of walruses extended only seasonally into the southern part of its range from the Subarctic, along with the sea-ice expansion, or resided there year round. However, the failure to recolonize during the present century and evidence of limited exchange between putative present stocks may suggest that the southeast Canadian walrus was a disjunct, year-round population, as is the current St. Lawrence beluga population. As such, it may have been the least ice-reliant and most warmth-tolerant of the historic walruses.
FIG. 2. Walrus distribution in the North American Arctic and Subarctic (modified from
The walrus range may also have retracted from James Bay and southern Hudson Bay because of hunting pressure. The Canadian and West Greenland range (1 above) has apparently become increasingly disjunct in recent centuries, to the point that Born et al. (1995) now propose five putative stocks within its former, possibly contiguous, range: (i) Foxe Basin, (ii) southern and eastern Hudson Bay, (iii) northern Hudson Bay-Hudson Strait-southeastern Baffin Island-northern Labrador, (iv) West Greenland, and (v) North Water (Baffin Bay-eastern Canadian High Arctic).
The probable historic range limits of the walrus within the CAA (Fig. 2 ) resemble those of other large sea mammals, such as the bowhead whale, narwhal, and beluga. The western limit of the Atlantic walrus in the CAA coincides with the eastern side of the M'Clintock Channel sea-ice barrier (Harington, 1966; Dyke et al., 1996b) . However, the Pacific walrus, unlike the Pacific bowhead and beluga, does not now normally advance in the summer as far east as the Canadian Beaufort Sea. This suggests that its range may be limited by factors other than ice clearance, such as food availability and hunting pressure. Nevertheless, it is found occasionally as far east as Banks Island and western Victoria Island (Harington, 1966 ; Fig. 2 ) and rarely as far as Bathurst Inlet (Stewart and Burt, 1994) .
The world population of Atlantic walruses is currently estimated at about 17 000 (Born et al., 1995) . Within the North American Atlantic walrus range, population levels are highest in northern Hudson Bay, Foxe Basin, and the North Water area and lowest in the CAA. But before Europeans discovered their various haunts, the total population of walrus must have been at least in the hundreds of thousands. Some individual hunting expeditions to Sable Island and the Magdalen Islands (Gulf of St. Lawrence) removed thousands to tens of thousands of animals (Born et al., 1995) . Prior to legislative protection in 1931, commercial exploitation of walruses for oil, ivory, and hides was extensive and unregulated (Born et al., 1995) . Current harvesting rates are thought to be above sustainable levels, and there is no firm evidence of reoccupation of former ranges, even within the Arctic. The Pacific walrus population, in contrast, remains above 100 000 and is probably close to 300 000 (Kenyon, 1986) .
Habitat and Mortality
Walruses inhabit shallow water areas (<100 m) where they feed on benthic invertebrates, primarily on the bivalve molluscs Mya truncata, Clinocardium ciliatum, Serripes groenlandicus, Astarte borealis and Hiatella arctica. Within their ranges, walruses are the largest consumers of this food stock. An average adult consumes 34 -74 kg of food per day, discarding a comparable weight of shell material on the sea floor. Within each stock area, walruses, even today, tend to occur in regional groups of hundreds to thousands of animals, and they crop the same general areas annually (Richard and Campbell, 1988) . Hence, their presence in an area indicates appreciable levels of sustained molluscan food production and shell carbonate deposition. If Holocene world populations were, conservatively, about 600 000 animals, they would have consumed about 20 000 tonnes per day or about 7.5 million tonnes per year of mollusc meat.
Walruses need hauling-out sites (uglit). They prefer to haul themselves out of the water onto sea ice, but will use land in summer when no ice is available. Their northern range is limited by seasonal ice clearance. They retreat in winter to the broken pack ice of the floe edge or to polynyas and major shore leads that are reliably open, or in which they can maintain holes for breathing and hauling out (Finley and Renaud, 1980; Stirling et al., 1981) . Important wintering polynyas include the North Water, those around western Devon Island near the northwestern walrus range limit (Kiliaan and Stirling, 1978) , and those near Fury and Hecla Strait in Foxe Basin.
Known or suspected causes of mortality include old age, disease, freezing or starving because access to water is frozen over, crushing of young during stampeding at uglit, and predation by polar bears (primarily on the young) and by killer whales (Richard and Campbell, 1988) . Pinnipeds also occasionally wander inland and die, presumably in a state of disorientation or after freezing over of breathing holes. This behaviour has been described for ringed seals (Phoca hispida) and bearded seals (Erignathus barbatus) in Arctic Canada (Smith and Memogana, 1977) and for crabeater seals (Lobodon carcinophagus) in Antarctica (Stirling and Rudolph, 1968; Stirling and Kooyman, 1971) . Freezing out of walruses is mentioned by Freuchen and Salomonsen (1958) . The Holocene record suggests that this may be a significant cause of death (see below).
THE FOSSIL RECORD

General Distribution and Age Patterns
The geological records of North American Pacific and Atlantic walruses contrast strongly. The Pacific walrus has no secure Late Wisconsinan to early Holocene record, whereas the Atlantic walrus has a relatively rich one.
However, the two oldest radiocarbon-dated North American Pleistocene walrus fossils are from the Pacific coast. The Qualicum Beach walrus (>40 000 B.P.; I-11617, Table 1 ; Harington and Beard, 1992) came from Early Wisconsinan glaciomarine sediment on Vancouver Island, and hence is about 70 000 years old. The other specimen, dredged from San Francisco harbour (California), was dated at 27 200 ± 950 B.P. (I-9994, Table 2 ). At face value, this date would place walruses far south of the LGM Cordilleran Ice Sheet limit before the earliest stages of buildup of the Late Wisconsinan ice sheet. That is 13 000 years before Cordilleran ice reached its southwestern limit (Clague, 1989:57; Dyke and Prest, 1987) , at a time when the Pacific Northwest, although cooler than today, was largely forested. Furthermore, early deglacial marine mollusc assemblages near the ice sheet limit indicate that LGM waters there may not have been much cooler than they are today (Dyke et al., 1996a) . These considerations, and the generally problematic nature of bone dates in this age range, suggest that the date on the San Francisco walrus should be conservatively interpreted as a minimum age estimate. Hence, that specimen may also date from the Early Wisconsinan or from an earlier glaciation.
With the possible exception of three undated Late Pleistocene walrus specimens from southern Alaska (Harington, 1978) and those reported from a few late Holocene Alaskan archaeological sites (GaK-2298 , M-1260 , SI-2158 ; Table 3 ), the Pacific walrus currently lacks a Late Wisconsinan and Holocene chronological record in North America. One wonders, therefore, if the animal may have been restricted to the south coast of Beringia and adjacent Eurasia during the last interval of emergence of the Bering Strait. Otherwise, it seems strange that so many remains would have been recovered from the Atlantic coast (below) and so few, if any, from the Pacific.
All other radiocarbon-dated North American walrus fossils are from the Atlantic stocks and are of late-glacial and postglacial age. Most or all of the historic North American range of the Atlantic walrus was covered by 3 The published ages of TO-1554 (9360 ± 90) and TO-1927 (12760 ± 90) are normalized to -25 ‰ δ 13 C PDB . No marine reservoir correction was applied in the original report (Miller, 1990 (Miller, , 1997 . 4 TO-2224 was reported by Bouchard et al. (1993) as 10 090 ± 60, after a marine reservoir correction (presumably of 410 years) was applied. Thus the age conventionally normalized is 10 500 B.P. IsoTrace laboratory does not report 13 C fractionation. 5 This laboratory reports age determinations on marine mammal bones normalized for carbon fractionation to 0 ‰ δ 13 C PDB . They are quoted here conventionally normalized, which increases the ages by 400 years (cf. Bennike, 1997) .
glacier ice at LGM. At that time, the range was displaced far to the south, as was that of the northeast Atlantic walrus (Møhl, 1985) . The record of its subsequent northward expansion is emerging as fossils are collected from the American continental shelf (Gallagher et al., 1989) , the Gulf of St. Lawrence to Bay of Fundy region (Bouchard et al., 1993; Harington, 1975; Harington and Occhietti, 1988; Miller, 1990; ; new dates in Table 1 ), and southern Labrador . Unfortunately, however, many collections remain undated. While it is assumed that the occurrences south of the Late Wisconsinan glacial limit date from close to LGM, the shallow depth (36 -40 m) of walrus finds from the New Jersey shelf should represent animals only 8000 to 9000 years old if the animals died in shallow water at the recovery sites (Gallagher et al., 1989; Dyke, 1996) . If, on the other hand, these walrus remains are of LGM age, they must have been transported tens of kilometres landward during marine transgression. A detailed interpretation of such remains is not possible without age determinations.
Within the CAA, the occurrence of Holocene walrus fossils in nonarchaeological contexts is highly clustered (Fig. 3) . No fossils have yet been found in areas that are known with certainty to have lain beyond the historic range of the Atlantic walrus. Although walrus remains have been found most abundantly along the northwest coast of Baffin Island, an area that is commonly portrayed as beyond the species' present or historic limit (e.g., Fig.  2 ), the limit here seems to be based on scanty evidence. Of the 64 arctic geological samples known to us, 1 came from Bathurst Island, 1 from Prescott Island, 3 from Somerset Island, 5 from Cornwallis and adjacent Little Cornwallis islands, 11 from Devon Island, and 41 from northwest Baffin Island (Fig. 3) . Considering the lengthy time spent in the field in these areas, the abundance of postglacial walrus fossils appears to be least in those areas that are near the historic western and northwestern range limits, and greatest along the east side of Prince Regent Inlet and southern Lancaster Sound. Although this may indicate a general increase in abundance toward Baffin Bay and toward Foxe Basin, the increase is not uniform, for there are few remains along Admiralty Inlet or Navy Board Inlet. We have not surveyed the areas of highest current population levels (Hudson Bay, Foxe Basin, northeast Baffin Bay) for walrus remains, and no geological specimens have been reported from those areas.
Nature of Occurrence Sedimentological Context and Skeletal Elements:
The dated walrus remains from southeastern Canada have been collected from raised marine sediments, both deep-water silt and clay (Beta-16518, Harington et al., 1993; TO-2224 , Bouchard et al., 1993  Table 1 ) and littoral sand and gravel (Beta-71157, Miller, 1997 ; CAMS-43273, Table 1 ); from the modern beach, where they may have been either washed out from raised marine sediment or tossed ashore during storms (CAMS-42768, -43268, -43269, -43270, -43272; I-9995;  Table 1 ); and from the sea floor, by clam draggers (Beta-69386, -89281, Miller, 1997; CAMS-43267, -43271, -43274 , Table 1 ; TO-1554 , -1927 , Miller, 1990 . In addition, one sample, a freshlooking skull, was collected around the turn of the century from the surface at 9 m altitude and 250 m inland on the Quebec shore of the Gulf of St. Lawrence, presumably from a raised beach. It was thought that this skull might date the paleoshore, but the age determination (870 ± 40 B.P., CAMS-43266, crawled inland or that the specimen was placed there. Another sample (Beta-16161, 9700 ± 130 B.P.; Harington et al., 1993) is similarly problematic. In 1871, a nearly complete skeleton was collected from a gravel pit of the Intercolonial Railway at about 110 m altitude near Moncton, New Brunswick (northeast of 42, Fig. 2 ) by a crew working under the direction of Sir Sandford Fleming ( Fig. 4 ; skeleton mounted on display in the Biology Department, Queen's University, Kingston, Ontario). The site is far above the generally accepted level of the postglacial marine limit in this region, which is at about 20 m (Grant, 1989) . Indeed, local relative sea level was below present by 9700 B.P. (Grant, 1989; Dyke, 1996) . It seems probable (see below) that this animal wandered inland and died, to be later buried in fluvial gravel.
Because much of southeastern Canada has experienced continuous Holocene submergence and the raised marine sediment there is of Late Pleistocene age (Grant, 1989) , a strongly biased age distribution will result if only those specimens from raised marine sediment are dated. It is important, therefore, to determine the ages of the specimens from the modern beach and from the sea floor.
Most walrus remains in the CAA were found on the surface of or partly buried in raised beach gravel. Isolated tusks are by far the most common remains (Fig. 5) . Some of these show signs of gnawing by caribou (cf. Sutcliffe, 1977) . Crania containing tusks (or tusk fragments), and somewhat less commonly other teeth, are the next most common find, FIG. 5 . Frequency distribution of walrus skeletal elements recovered from geological contexts in the Canadian Arctic Archipelago, mainly from raised beaches.
followed by mandibles, limb bones, cranial fragments without tusks, and penis bones (bacula). More extensive bone accumulations, those representing much or all of a skeleton, are uncommon. Limb bones appear to be common only along coastal segments with abundant walrus remains.
Although a taxonomic discussion of the walrus specimens mentioned here is beyond the scope of this paper, dimensions of some tusks that can be pertinent in this respect are given in Table 2 . It seems reasonable to con- clude (e.g., Harington, 1966; Bennike, 1997 ) that postglacial remains from southeastern Canada, and from sites east and north of the sea-ice barrier in the central Arctic (Fig. 2) , are either forerunners of, or are identical to, the Atlantic walrus, Odobenus rosmarus rosmarus. Furthermore, results of a preliminary quantitative analysis of 72 adult male and 20 adult female postglacial walruses from the Atlantic Provinces are worth noting. These data, assembled by the late F.H. Fay and C.R. Harington, led Fay (pers. comm. to CRH, 1992) to observe that one of the most distinctive characters of this group, apart from relatively large size, is the enormous size in males of the upper incisors (I 3 ), which are often larger than the postcanines. Although this condition is unusual in modern Atlantic walruses, it is rather common in Pacific males.
Crawlers, Sinkers, and Floaters: In most instances, the nearly complete skeletons found in the CAA represent animals that appear to have crawled inland and died. Eight of the 38 radiocarbon-dated CAA walruses (21%), five of which were nearly complete skeletons, plot well above any probable contemporaneous relative sea level position. One of these specimens, a nearly complete skeleton enclosed in sand at 103 m altitude, the approximate postglacial marine limit on northern Somerset Island, was reported earlier (Dyke, 1979 ). An age of about 9000 years was anticipated from the elevation, but an age of 2420 ± 65 B.P. (S-1392) was determined. This age was confirmed on redating at 2440 ± 180 B.P. (GSC-3081, Table 1 ). Located highest of this group of young-but-high walrus remains was a skull with tusks and a scatter of other bones found at 250 m altitude, about 150 m above the limit of postglacial marine submergence and 15 km inland, on northwestern Devon Island. Its age was determined to be 920 ± 50 B.P. (CAMS-39511). Another skeleton and a mummified hide of very recent age (undated) were found at a high elevation in the same region. We also report here age determinations on two of the four walrus skeletons mapped by Thorsteinsson (1958) on Cornwallis and Little Cornwallis islands. Both are from the altitudes of early Holocene raised shorelines, but their ages proved to be 990 ± 60 B.P. (CAMS-38435 at 70 m) and 1870 ± 40 B.P. (CAMS-38024 at 60 m). Figure  6 illustrates the carcass of a walrus found 2.5 km inland on Cornwall Island in July 1997. Judging from the limited decomposition, this animal had died the previous winter.
Similarly, of the few walrus remains from Svalbard that have been radiocarbon-dated, two are from complete skeletons found at high elevations 3 km and 7.5 km inland. Their recent ages (1330 ± 60 B.P., T-3452 and 540 ± 60 B.P., T-3453) "...show that the animals have been able to move over impressive distances on land. The reason why they made such fatal journeys (or mistakes?) is not known, but similar behavior is known from other animals. Finds of mummified seals in Dry Valleys, Antarctica, prove that seals sometimes lose the direction to the sea and move inland until they die." (Lauritzen et al., 1980: 68; see also Stirling and Kooyman, 1971) . Another unpublished young date on a walrus from Svalbard is also evidently on a "crawler" (O. Salvigsen, pers. comm. 1997) . We have found no reference to this behaviour as a significant cause of mortality in the biological literature. Perhaps this behaviour is a cause of death that has left an exaggerated expression in the Holocene fossil record relative to the proportion of deaths attributable to it; or perhaps this is a significant cause of walrus mortality, at least in the High Arctic, if not generally (see discussion of Moncton walrus above).
Apparently the remains of walruses that crawl inland and die are less subject to being scattered than are those that die on the shore or at sea, apart from the minor effects of solifluction and cryoturbation. Because these "inland" remains would be readily discovered by scavengers (the most powerful being the polar bear, which can pick up scent for great distances), scavengers apparently are not the most important agents of disarticulation and scattering of bones. However, the preponderance of isolated bone elements amongst the non-crawlers indicates extensive disarticulation and movement prior to deposition. The most probable agents for this are waves and sea ice acting on either floating or stranded remains, but we know of no descriptions of disarticulation by natural processes that would aid interpretation of geological remains. The dominance of tusks among recovered elements probably indicates selective preservation of this dense material, for several other less dense bone elements (skulls, scapulae, limb bones) are comparable in size or larger (e.g., Lyman, 1994) .
Five of the dated arctic walrus remains, when plotted against sea level curves, appear well below their contemporaneous sea levels. These probably represent animals that died on the sea ice or in the water and sank to the bottom during the summer. Some of the deaths on the sea ice may also represent "crawlers" that died after being frozen out, though we have no way of identifying the remains as such. In the long run, crawlers are as likely to wander offshore as overland, if we assume that overland travel does not represent disorientation; but presumably some of the offshore crawlers survive by regaining access to the water. The remaining dated samples (62%) plot reasonably close to their contemporaneous sea levels, as established by dates on other materials (Dyke and Hooper, unpubl . data). They probably represent either animals that died ashore at uglit or animals whose remains rafted ashore after they died on the sea ice. From this we conclude that the dated remains of a walrus are almost equally likely to represent or not to represent a paleo-shoreline.
Relative Abundances of Walrus and Bowhead Whale Remains
In the same general region of the CAA (Fig. 3) , we have excavated the remains of about 1200 bowhead whales (Dyke et al., 1996b) . Bowhead remains are thus about 20 times more abundant than walrus remains, although postglacial walrus populations were at least comparable to, and probably much greater than, those of the bowhead. This contrast might be explained in two ways. First, since walrus bone elements are much smaller than those of bowheads, they are less likely to protrude from raised beach deposits. Second, walruses tend to sink during the summer (Nelson, 1969) ; therefore, they can be expected to have a lower stranding potential overall than bowheads, which are buoyant throughout their annual residency in the Arctic.
The relative abundance of walrus and bowhead fossils from southeastern Canada is the inverse of that in the CAA: a few tens of walrus fossils are known, but only two bowheads. A partial explanation may be that many of the fossils were recovered from the sea floor by fishermen dragging the bottom for clams, a procedure that works in favour of recovering smaller objects. However, walrus remains are also somewhat more common in Late Pleistocene raised marine sediment in this region than are bowhead bones.
Normalization and Correction of Ages
The available radiocarbon age determinations on North American walruses collected from geological contexts are compiled in Figure 7 and Table 1 . These ages were determined for the collagen (protein) fractions of bones and ivory and are normalized to δ 13 C PDB = -25‰, either using the measured isotopic fractionations or assuming a fractionation of -15‰. No marine reservoir correction has been established for the walrus in this region and none is applied here. However, the reservoir effect could render the normalized walrus ages several centuries too old, and this difference is critical when comparing the geological record to the archaeological record. Nevertheless, we caution against applying a single reservoir correction to all marine organisms, even within a region, because different carbon pathways are probably involved in the production of different organic carbon and carbonate components. For example, Dyke et al. (1996c) reasoned that a lesser marine reservoir correction might be appropriate for bowhead whale bone collagen dates than for marine mollusc shell carbonate dates in the same area (about 200 years vs. 400 years). This is because the carbon in the mollusc shells is deposited in isotopic equilibrium with the dissolved bicarbonate in the sea water, whereas that in the bowhead whale bone collagen is not; instead, its carbon fractionation resembles that in the bowhead's zooplankton diet.
Pertinent to this question is Schledermann's (1990: 331) report that "a date of 115 ± 40 B.P., obtained by [A.J.] Sutcliffe (pers. comm. 1981) on walrus bone associated with 19th-century hunting activities near the abandoned Bache Peninsula RCMP station, also seems to support the contention that the reservoir effect, at least in this region, is far less at variance with the 'correct' timing of events than appears to be the case in other areas of the Arctic (Arundale, 1981) ." We would qualify this to mean that the appropriate reservoir correction for age determinations on walrus collagen may be less than the reservoir correction appropriate for marine shells, which tend to reflect the full reservoir age (i.e., full effect). The date referred to above is BM-1751 (Table 3 ; Burleigh et al., 1982) . This date has been normalized for isotopic fractionation, but the collector describes it as a "surface find assumed contemporary with occupation of MP Sta [RCMP station], ca 1926 -1952 " (Burleigh et al., 1982 . After discovery of a general error in its age determinations, the laboratory reported a revised age for this sample of 210 ± 100 B.P. (BM-1751R; Bowman et al., 1990) . If the walrus was killed during occupation of the station, a reservoir correction of 185 -210 years is indicated. On Willows Island in outer Frobisher Bay, Baffin Island, a nested alignment 25 m long of walrus mandibles has been dated to 470 ± 60 B.P.
(Beta-61073; no marine reservoir correction; Manley and Jennings, 1996) . This feature is ascribed to a Paleoeskimo or Inuit hunting ritual, and the description of the bone indicates some antiquity (Fitzhugh and Olin, 1993: 114) . The date thus places a generous upper limit on the reservoir correction for walrus in that area.
Chronology
Southeastern Canada: The oldest dated postglacial walrus remains derive from the Grand Banks to Bay of Fundy region. These probably represent the northward spread of the LGM refugial population, which had been displaced south of Long Island, New York (Gallagher et al., 1989) . The earliest available date on this group is 12 760 ± 90 B.P. on a specimen from the Bay of Fundy (TO-1927; Miller, 1997) . This date closely follows deglaciation, as perhaps do the specimen from 60 m water depth on the Grand Banks of Newfoundland dated at 12 550 ± 50 B.P. (Beta-83414, normalized; Table 1 ) and another from southeastern Labrador dated at 11 490 ± 120 B.P. (Beta-16518, Harington et al., 1993;  Table 1 ). Half of the available dates from the region exceed 9000 B.P. The remaining age determinations span the interval 8700 to 700 B.P.
The number of dated specimens remains too small to demonstrate confidently that southeastern Canada was continuously occupied by walruses throughout postglacial time. However, the age determinations in the 7500 to 7000 B.P. range suggest that these animals remained in the area, at least seasonally, during the regional marine thermal optimum, when warmth-demanding molluscs, such as the oyster, extended their range into the Gulf of St. Lawrence (Dyke et al., 1996a, their Fig. 27 ). Walrus occupation of the Bay of Fundy area continued until 7300 B.P. (CAMS-43271) or later.
Canadian Arctic Archipelago: Here too the walrus followed the retreating glacier ice front. The earliest age determination currently available on a walrus from the CAA is on a specimen from Prince Regent Inlet. An isolated tusk partly buried in the gravel of a raised beach at 49.5 m above sea level yielded an uncorrected age of 9470 ± 110 B.P. (S-3081, 9630 ± 110 BP, normalized). Other dates on the raised beach sequence show that this tusk is considerably older than the 49.5 m beach and that it dates very close to time of deglaciation of the site. The two next oldest dated walruses are also from Prince Regent Inlet (S-3086, 9540 ± 100 B.P., normalized; CAMS-38289, 9360 ± 60 B.P.) and date from the interval of local deglaciation. All six samples dating 9000 to 8500 B.P. are from Prince Regent Inlet (3), adjacent eastern Lancaster Sound (1), or eastern Jones Sound (2). These animals postdate local deglaciation but predate deglaciation of the Arctic mainland, Foxe Basin, and Hudson Bay (Dyke and Prest, 1987) .
The histogram of radiocarbon ages (Fig. 7) of walruses from the Arctic is multimodal, but has two main clusters: an early Holocene group dating more than 8500 years old and a middle Holocene group dating 3/4000 to 5000 years old, with a particularly strong concentration between 4500 and 5000 years old. Like the early Holocene group, the middle Holocene group is derived mainly from Prince Regent Inlet (7 of 11 samples), but one of the samples (TO-5961; 4750 ± 60 B.P.) is from the northwestern coast of Devon Island, near the present northern limit of the animal. Possibly significant clusters of ages occur between 7500 and 7000 B.P. and between 2000 and 1500 B.P. However, the four samples in the older group are widely distributed between Bathurst Island, near the western limit of the range (I-7795, Harington, 1975) , and Prince Regent Inlet, Admiralty Inlet, and Jones Sound (S-3512, -3641, -3527, respectively, Table 1 ). Two of the seven samples dating 1500 to 2000 B.P. are from East Greenland (K-5980, Lu-3660; Bennike, 1997) and thus probably relate to a different walrus stock. All other arctic walrus dates pertain to the Baffin Bay-CAA stock, including three from West Greenland (K-5978, -5979, Ua-2350; Bennike, 1997) .
For this sample size (41 dates, Baffin Bay-CAA only), the probability, from the binomial probability function, that four dates will fall in any one class interval by chance alone is 9.5%; for five dates, it is 3.7%; for six dates, 1.2%; and for seven dates, 0.3%. The two empty class intervals have a probability of 12.2% of being due to chance. The sample provided here is considered to be random because there was no bias in collecting samples from any particular elevation range (all finds were collected) and all material of suitable quality (mainly ivory) has been dated. Hence, the calculated probabilities are meaningful.
The distribution of walrus age determinations into two main clusters strongly resembles the distribution of age determinations on bowhead whales from the CAA (Dyke et al., 1996b) . This similarity suggests that the spatial distribution and abundance of both species were controlled by common environmental factors. For the bowhead whale, Dyke et al. (1996b) argued that the critical factor was the extent of summer sea-ice clearance. This is also the most probable explanation of changes in walrus ranges. Other paleoenvironmental records from the CAA are discussed by Dyke et al. (1996a, b) .
THE ARCHAEOLOGICAL RECORD
Walruses form an important part of modern Inuit subsistence economies. Traditional ethnographic sources (e.g., Boas, 1888; Murdock, 1892; Birket-Smith, 1924; Mathiassen, 1928; various papers in Damas, 1984) and recent oral historical documentation (e.g., Freeman, 1976; Riewe, 1992) attest to their importance in the diet of early historic Inuit as well. These accounts indicate that walruses were harvested when abundance and local physical conditions and technology permitted. Accordingly, prehistoric archaeological sites in the Arctic may provide proxy evidence for walrus range expansion and contraction and for temporal changes in relative abundance that complements the fossil evidence discussed above.
Two major cultural complexes are recognized in the Canadian Arctic and Greenland: Paleoeskimo and Neoeskimo. These are summarized in detail in Maxwell (1985) , McGhee (1978 McGhee ( , 1996 and Schledermann (1996) . Paleoeskimo incorporates Independence I (ca. 4000 to 3700 B.P.), Pre-Dorset (ca. 3700 to 2500 B.P.), Sarqaq (ca. 3500 to 2500 B.P.), Independence II (ca. 3000 to 2500 B.P.), Groswater Dorset (ca. 2800 to 2000 B.P.), and Dorset (ca. 2500 to 1000 B.P.) cultures. Neoeskimo incorporates prehistoric Thule (ca. 1000 to 400 B.P.) and later derivative historic and modern Inuit. In addition, southwestern Greenland was inhabited by Norse colonies for approximately 500 years from about A.D. 985 (see e.g., Jones, 1964) . Note that while walrus remains are found throughout Norse Western and Eastern Settlement sites, most apparently resulted from hunting expeditions farther north in the Nordrsetur region (Disko Island and vicinity). A discussion of these remains and their social and economic context is given in McGovern (1985) and McGovern et al. (1996) , and they are not further dealt with here.
General Distribution of Walrus Remains in Archaeological Sites
Prehistoric sites or site components from which walrus remains have been recovered and for which radiocarbon dates are available are listed in Tables 3 and 4 and located on Figure 2 . These remains occur temporally throughout the Paleoeskimo and Neoeskimo sequence and geographically throughout most of the historic walrus distribution range. In addition, they occur in a few Maritime Archaic and later Indian sites, including, for example, the L'anse Amour site on the Strait of Belle Isle coast of Labrador, where an unmodified walrus tusk was recovered from a burial dated on charcoal to 7530 ± 140 B.P. (I-8088; Tuck, 1977) . Walrus remains have also been recovered from a Maritime Archaic Indian culture site on the central Labrador coast dated 4650 ± 60 B.P. (SI-2146 , Fitzhugh, 1978 . The southernmost remains are from a Woodland Indian culture site on the Bay of Fundy shore of New Brunswick, dated at 1880 ± 80 B.P. (Y-1291; Wilmeth, 1978; Stewart, 1974) . A Groswater Dorset site at Port au Choix, Newfoundland, dated at 2540 ± 160 B.P. (Beta-49759) , also yielded walrus remains (Renouf, 1994) . The general absence of their remains in other Indian culture sites from southeastern Canada suggests that walruses were not exploited significantly in that area in prehistoric times. References to large historic walrus herds in this region mainly concern the Magdalen Islands and Sable Island; therefore, Sable Island, at least, may have remained inaccessible to prehistoric occupants of the mainland.
Outside of the historic walrus range, a walrus ivory artifact was recovered from the Namu (Indian) site on the central British Columbia coast (Fig. 2 ) from a level dated to 4540 ± 140 B.P. (Fladmark, 1975) . This site is far south of the historic, and probable contemporary, range of the Pacific walrus, and no walrus remains occur here in dietrelated contexts (Cannon, 1991) . Accordingly, the artifact very likely represents long-distance trade in, or at least acquisition of, walrus ivory, such as has been recorded in medieval Europe (Møhl, 1974) . This would also seem to be the only plausible explanation of an even more remote find: the anterior part of a walrus cranium lacking tusks that was recovered from a site on Mackinac Island, Michigan, reportedly from a beach deposit, yielded an age of 975 ± 60 B.P. (Beta-27515 [ETH-4584], Table 3 ). A humanworked walrus baculum (as yet undated), apparently from an archaeological context near Gaylord, Michigan, is presumably of similar age. These specimens, along with the bones of a sperm whale, a probable bowhead whale, and a fin whale from three counties of Michigan, once suggested the possibility of a postglacial marine invasion of the Lake Michigan basin. However, the ages of these whale bones have been determined to be >190 B.P. (I-11638), 750 ± 60 B.P. (GSC-2428) , and 720 ± 70 B.P. (GSC-2464), respectively, suggesting the far-inland acquisition by late prehistoric Indians of a variety of marine mammal materials, in addition to walrus (Harington, 1988) .
Other walrus specimens from inland sites in eastern North America are perhaps similar in nature to the aforementioned Michigan finds. These include two tusk implements excavated at Brewerton, New York; a baculum war club found near Rochester, New York; an incised tusk from the Atwell site, a 16th century Onondoga Iroquois site southeast of Syracuse, New York; and a piece of tusk from the Thompson Island site, Quebec (Harington, 1988: 238) . All of these sites are south of the area shown in Figure 2 .
A probable walrus bone dated to 4280 ± 200 B.P. (RIDDL-320; Cinq-Mars, 1991 ) from the Engigstciak site in northern Yukon Territory, and the walrus remains (2 out of 5902 identified specimens; Taylor, 1972 ) from the early Thule Lady Franklin Point site on southwestern Victoria Island, probably represent extralimital Pacific walruses.
While the above data indicate that walrus remains occur throughout the prehistoric human occupation sequence in the Arctic and maritime Subarctic, there are long intervals, particularly 3400 to 2600 B.P. and 2200 to 1200 B.P., for which few if any remains are reported from the High Arctic (Fig. 8) . The latter period corresponds to the Middle Dorset abandonment of the High Arctic (see below) and the earlier period may represent a similar event during the middle Pre-Dorset.
Archaeological Context of Walrus Remains
A fuller evaluation of these walrus remains requires consideration of their archaeological contexts and relative abundances. Relative and absolute abundances of walrus remains at representative coastal sites within the historic walrus distribution range for which we have appropriate data are listed in Table 5 . Note that the table includes some sites or components for which radiocarbon dates have not been reported but for which the cultural affiliation, hence age, is reasonably well established. Also, in some instances, faunal totals from adjacent sites or components of similar cultural affiliation have been combined. Finally, unless noted otherwise, the tables indicate walrus remains in a diet, as opposed to artifactual, context.
It is acknowledged that the sites or components are limited in number and geographically widespread, that the respective occupations may represent differing components of their respective settlement systems, and that the sites may have been influenced by potentially different taphonomic processes. However, although walrus rarely constitutes the dominant faunal material at these sites (caribou or ringed seal typically dominate; see e.g., the summary tables in Savelle and McCartney, 1988; Savelle, 1994) , several potentially instructive observations can be made.
First, walrus remains are rare in the early part of the Paleoeskimo sequence (ca. 4000 to 2500 B.P., including Independence I, Sarqaq, Pre-Dorset, Independence II, and "transitional"). Of the faunal samples from 21 sites or components, six lack walrus remains, a seventh is a single weathered tooth, and the walrus remains associated with five others are ivory debitage, and are thus more properly considered artifact debris than subsistence-related debris. Of the remaining nine samples, one consists of 18 "unidentified large sea mammal bones" that may not even be walrus, and four consist of a mixture of debitage (26 specimens) and diet-related material (10 specimens). Thus, out of a total early Paleoeskimo faunal sample of 72 949 identified specimens, a maximum of 268 (0.36%) can be referred to as "diet-related" walrus bone. Accordingly, there is little evidence to suggest that early Paleoeskimos incorporated walrus importantly, or at all, in their diet. Although the fossil record indicates a low or declining relative walrus abundance in the Canadian High Arctic during early Paleoeskimo time (ca. 4000 to 2500 B.P.), the have affected walrus abundance (see e.g., McGhee, 1976; Maxwell, 1985; Fig. 8) . Of the Middle Dorset sites listed in Tables 3, 4 , and 5, only Saatut (site 12) lies north of Hudson Strait, and it is marginally within the High Arctic ecoclimatic region. However, the best independent paleoclimate records from the High Arctic, the ice-core records, do not show a distinctly cold interval at this time (Paterson et al., 1977; Koerner and Fisher, 1990; Fisher et al., 1995) . Indeed, the Meighen Ice Cap record indicates a long period of negative mass balance (warm summers) throughout the interval from 2500/2000 to 660 B.P. (Koerner and Paterson, 1974) . A major exception to the above trend is the Middle Dorset site of Avayalik-1 in northern Labrador, where 35.1% of the 1696 identified faunal specimens are walrus (Jordan, 1980) . Unlike the High Arctic, the Middle Dorset period was a time of maximum Dorset occupation in this region (Fitzhugh, 1980) , and local conditions may have been exceptionally favourable for walrus.
Finally, the abundance of walrus remains at Thule sites (ca. 1000 to 400 B.P.) shows considerable variation, but given the difficulties in establishing Thule chronologies (e.g., Morrison, 1989) , no attempt is made here to treat the sequence according to temporal subdivisions. However, a decline in bowhead whaling, the Thule Eskimo abandonment of the High Arctic, and changes in Thule settlement patterns elsewhere beginning ca. 400 B.P. have all been attributed to changes in faunal resource abundance and distribution due to the Little Ice Age (ca. 6/400 to 100 B.P.; see summaries in McGhee, 1978; Maxwell, 1985) . Since this period is as yet unrepresented by fossil walrus remains, a detailed consideration of archaeological walrus remains within a chronologically controlled framework (beyond the scope of the present paper) would presumably shed some light on the response of the walrus to changing environmental conditions associated with the Little Ice Age. paucity of "diet-related" walrus remains throughout the occupation period and area suggests technological restrictions relating to the harvesting of these animals. In this regard, McCartney (1989) has suggested that the lack of walrus remains at early Paleoeskimo sites may be related to the lack of appropriate watercraft. The few remains that are present may represent scavenging.
The later Paleoeskimo period (Early to Late Dorset; ca. 2500 to 1000 B.P.) contrasts strongly with the earlier one. Walrus remains in sites of this age are relatively common and occur in definite "diet-related" contexts. This change probably represents the development of a relatively sophisticated walrus harvesting technology. This development broadly coincides with an increase in walrus in the fossil record. Although the small fossil sample and uncertain reservoir age corrections prevent further "fine-tuning" of the variability in relative walrus abundance at this time, the archaeological record is more informative. Walrus remains tend to be far more common in Early Dorset (ca. 2500 to 2300 B.P.) and Late Dorset (ca. 1500 to 1000 B.P.) periods than in the Middle Dorset period (ca. 2300 to 1500 B.P.). Indeed, most of the High Arctic was abandoned by Paleoeskimos during the Middle Dorset period, and the cooling trend that has been inferred from this may The above consideration of archaeological remains relating to walrus is necessarily general, and many factors may have influenced the distribution and abundance of these walrus remains. Nevertheless, this "coarse-grained" analysis augments interpretation of the geological walrus record and helps in "fine-tuning" periods of walrus abundance and depletion beyond what is possible with radiocarbon dating. By corollary, the fossil record provides a background from which to examine and model changes in prehistoric subsistence systems.
SUMMARY AND DISCUSSION
The Pacific walrus lacks a documented Late Wisconsinan and early Holocene record in North America. The contrasting abundance of finds of Atlantic walruses of that age calls into question the existence of a Pacific walrus refugium at LGM in the eastern Pacific Ocean. We hypothesize that its refugium was along the south coast of Beringia and in the adjacent northwestern Pacific Ocean.
The Atlantic walrus evidently invaded newly deglaciated coastal areas of North America northward from its LGM refugium at the earliest possible times. Its northern limit advanced from the vicinity of the glacial limit (Long Island, New York) ca. 18 000 B.P. to the Bay of Fundy by 12 700 B.P., the Grand Banks by 12 500 B.P., southern Labrador by 11 500 B.P., and the central CAA by 9700 B.P. Meanwhile, its southern limit retracted from about latitude 33˚N, where undated specimens of probable LGM age have been collected (Harington and Beard, 1992) , to the Bay of Fundy (43˚N) by ca. 7500 B.P. Further precision of this range retraction can be provided only by dating additional specimens dredged from the American and Canadian continental shelves. Although further dating of specimens is also necessary to establish a secure record for southeastern Canadian waters, these appear to have been occupied continuously by walrus throughout postglacial time, even during the marine thermal optimum, when sea surface temperatures increased sufficiently to allow entry and persistence of oysters and other thermophilic species.
The rapid exploitation of new territory by walruses during deglaciation and the manyfold expansion of their total area of occupation starkly contrast with their evident present inability to reoccupy territory from which they have been extirpated, as well as with the apparently limited present movement of animals between putative regional stocks (Born et al., 1995) . It is likely that the present situation reflects low population pressures on food resources within the current remnant stock areas and continued hunting pressures, rather than a limitation of present ranges by molluscan food resources or by water temperature and sea-ice conditions.
Walrus remains in raised marine, or at least in littoral, deposits have a lower preservation potential than do remains of the larger and more buoyant bowhead whale. The walrus, therefore, leaves a much poorer fossil record of range extensions and retractions. Nevertheless, remains are sufficiently abundant that the interval of occupation, the range limits, and the relative abundance, both spatial and temporal, can be defined reasonably well in the CAA. Except possibly for those in the Gulf of Boothia, no remains have yet been found beyond the historic range limits. Remains dating 9700 to 8500 B.P. and 5000 to 3/ 4000 B.P. are most common. The similarity of this chronological record to that of the bowhead whale in the same region strongly suggests that the Holocene fluctuations of environmental conditions affected both species. Thus, a broad controlling mechanism, such as the seasonal sea-ice clearance pattern, is inferred, rather than more speciesparticular mechanisms, such as changes of food resources or incidence of diseases.
Geographic gradients in abundance of walrus remains within the CAA seem largely explicable in terms of the influence of wintering polynyas on seasonal migration patterns. For example, the increase in abundance of remains southward along Prince Regent Inlet may illustrate the effect of the Fury and Hecla Strait polynyas. There seems, therefore, to be potential in using walrus remains in raised marine deposits to extract the histories of the major polynyas. In light of the abundance of archaeological sites around these polynyas (Schledermann, 1981; McGhee, 1984) , this history might be useful in explaining site occupation and abandonment or technological changes.
Taken alone, walrus remains are risky indicators (about 60% reliable) of paleo-sea level. Complete or nearly complete skeletons are those most unlikely to represent a former shoreline site. Most of the more complete skeletons currently documented in the CAA represent animals that apparently expired while crawling inland, and the same explanation is suggested for the otherwise enigmatic Moncton walrus. While the interpretation of remains found far inland and above the postglacial marine limit is selfevident, remains of animals that crawled onto elevated strandlines and died are not readily distinguished from those that died on their contemporaneous beaches or that rafted ashore on sea ice. Extent of burial of remains is of little help because burial in a beach by periglacial processes is indistinguishable from periglacial modification of a beach deposit that contains isolated bones.
Although walrus remains occur at arctic archaeological sites throughout the period of occupation, they are exceedingly rare at sites older than Early Dorset, and they may not have been harvested by early Paleoeskimos. Subsequent variations in the relative abundances of walrus remains at Dorset and Thule sites and in the distribution of these sites may be related to changes in the coastal sea-ice environment (see e.g., Murray, 1997) . Further zooarchaeological studies should yield paleoenvironmental reconstructions, particularly of sea-ice conditions, at finer chronological resolutions than currently possible using geological data alone. However, as yet it is not possible to demonstrate a meaningful correlation between major cultural events, such as Middle Dorset abandonment of the High Arctic, and regional paleofaunal or paleoclimate records. Indeed, the correlations between cultural and paleoclimate sequences in the Canadian Arctic in general remain exceedingly tenuous, in part because of the insecurely dated and interpreted proxy climate records (e.g., Williams and Bradley, 1985; Jacobs, 1985; Barry et al., 1977; Bradley, 1990) . Meanwhile, Holocene faunal histories from the Canadian Arctic have been presented for only two sea mammals (Dyke et al., 1996b ; this paper) and for no land mammals.
